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The present invention relate • 
an air cleaning device an? i general "> 
to an electrostatic n "? v° re P artic "'arly 

suitable to be mounf-i r p at ° r which 's 
cleaning the aiMn rh, 3 motor chicle for 
of the vehicle he passen ger compartment 

A ? well known in the 1rt » 
precip.tators have been , dect rostatic 
numerous fields because of thl X USed in 
to handle a large voXe of ab '' ,ty t,ier eof 
reasonably small pS» a « ^lf r air • 
removal of particles in 5 ° p and 'he 
Some of thepreciSta or, m ' Cron ran &- 
are equipped with i £ rll rS , rnen . t, <>ned above 
filters therein for nbso'i carbon 
(OJ which is prodded a g K ha : mful OZon e 
eorona discharge J re a of 3bundant Iy m a 
However, in the ll? lh , e Precipitators 
cipitator, hU cleaning" Prostatic pre- 

j only expe^dTh^^a^ 
cipitator is formed f« i?. Slng of th e pre- 
sume for caus ng £ e pas^n/ 6 ' 3 ^^ big 
relatively long residence S * g 1? ( ° havc 
T "us, hitherto, the monnf L C the casing. 
s fatic precipitator S"P„° f ? Uch eIec tro- 
«ency on a motor iSi^ C ' eaning effi " 
'arge space f or accomm 1 S re< * u '>ed a 
conditioning S y Ste : n ; COmmodar 'on in an air 

vcniiiVtop/oS^^ ° f lhe P—nt in- 
Prccipitator which can «W e,ect rostatic 
efficiency in spi £ of ^" "Jf ,b,t h «fih cleaning 

a second oo S ecT of C ° mtruction 
vcniion to provide in ,he Present in- 

precipitatorwhich ^,3'°^^°*"* 
modifying the conve n S made b >' s}i ghtly 

't is a third obS S Prec.pitator 
«o provide an imSSvSl 5^ reSent - inventi °n 
-Wch is ^roprtr^^^t 



corporated m an a ,V ™ j 
mounted on a m*o?lc£3?' Uonin * Systern 

•s *»v»t^ there 

removing particles^u^dL^'P 14 " 0 ' for 

sm e ; a casing havinSe * 3 f ,r * com P r '- 
through which the S a/r a "l° Ut ' et 0 P e nings 

a high voltage electrode h fCed to P a ss; 
casing; a coilcctinT^ctrL^^ in the 
casmg at a position JdSce^tT^ in ^ 
e ectrode; the high voh a i" n H h J gh vo,ta 8 e 
electrodes being connectfd £ S3,d co,, ecting 
for being supplied u^L h- 3 povver sourcf 
tential thereb? twL * £ d,rccl . curre "t po! 
corona discharge aria « h Pr ° V ' de bo "> a 
the air occurs ° an d an el//,* ,0 "«^tion of 
charged particles drift . e,ect " c fi eld where 
electrode? additSnt 7co IJeSnl the C °" ec ^ 
a polarity opposite to rR- f means havinf 
rode and disposed intS^L^^ e,ect - 
downstream of the hi«h , 5 at a Position 
ting electrodes and %n V ° ,t3ge and collec" 
filter disposed in safd act » vat «d carbon 
said additional collect! * 8 down stream of 

ozone produced Ut S52 B A Jb » f «n 
Other obiect<: an j j corona discharge area 

in vention° t n%?come V morf S ° f the 
the following descrintiT ?PP a rent from 

conjunction 4h the accomn WhC " taken « 
in which : accompanying drawings 
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Figure 1 is a sketch «r „ 
static precipitator; Pn ° r art e,e ctro- 80 

tf/g^tfv^st^of'rK'^ 0 f ° r ex P' a 'ning 
FiSure 3 is a ,£c n of a ZVr"' T™«on , 
ment of the improved eE"? 1 embod i- 
tator of the present inventfon 3 ' C PreCi P" 85 
sho^n^ne Ml; 8 3fe skefch es respectively 

e^ctrodes'emproyair'rt' ° f 3dditiona « 
shown in Figure 3 ,ne Precipitator 

Figures 5A and 5B a™ l 
showing box-shaped dectS?" res P ectiv ely 
as the additional electrodes «f ^'P^h 
and 4B; and 'ectrodes of Figures 4 A 

'he F,fi p U o r Siona°l 8 reilti?"^" each lowing 95 
ad d .tiona, eiectrote!;^^ 
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filter which are parts of the precipitator of the 

Pr ^oVtTdSing the construction, of the 
invention an explanation of the prior art 
^ectrosTatic precfpitator .ill be g.ven w.th 
the aid of Figure 1 in order to clarify the 
inventive steps of the subject invention. 

In n«ure P 1, the prior art electrostatic 
nrecioita°tor is shown as being generally 
5 3 by the numeral 10 The precipi- 
?2 '0 noJ illustrated generally, comprises 
? casing 12 having at its left side of the 
drawing an inlet open.ng 14 and a its 
right side an outlet opening 16. As will be 
apparent hereinlater, contaminated gas or air 
is forced to flow in the casing 12 from the 
inlet opening 14 toward the outlet opening 1 6 
Within the casing 12 and near the v nlct 
oncninc 14 are disposed a plurality of spaed 
hS ^ vol age electrodes 18 in the form of 
P ate whichare arranged substantially parallel 
with each other and with the longUudmal ax« 
of the casing 12, as viewed in this drawing. A 
corresponding number of corona wires 20 are 
connected through support member 19 
which are electroconduct.ye to the res 
oective high voltage electrodes 18 such that 
Se corona wires 20 transverse the casing 12. 
More specifically, the corona wire 20 extends 
^Ktially perpendicularly to the surface of 
FiauTe 1 As shown, each corona wire 20 is 
d s S posed between kdjacent two co lectin g 
electrodes 22 at the end of eacn support 
member 19 which is mechanicaUy and electa- 
Sly connected to each high voltage electrode 
Is A plurality of spaced collecting electrodes 
22 in th form of plate is also disposed 1 in the 
casin« 12 so as to be spaced apart from the 
S vo Uage electrodes 18 while proving an 
arrangement in which the electrodes 1 8 and 22 
are alternatively positioned, as shown A D C 
power source 24 is connected to thejigh 
voltage and collecting electrodes 18 and 22 
for applvins a high direct current potential 
beuS' the-same^S and 22. In this drawmg 
the high voltage electrodes 18 and thu- the 
corona wires 20 are shown applied witn po- 
s t vTchaWc, while the collect ng electrodes 
22 a-c grounded. Near the outlet opening 16 
wa.tgruuiiu incited a fan 26 which 

nf th- CaSinC l— IS lOCcllCU ia.i — w 

p cdJcef an fe air flow passing .through the 
casin" P from the inlet opening 14 toward 
t£ outlet opening 16. An ac tivatcd caroon 
filter 28 is located between the bundle oi tne 
electrodes 13 and 22 and the fan 2o for 
absorbing ozone (O a ) produced in vicinity ot 
r^e corona wires 20. . 

WUh this construction of the prior art 
eW-t rosftic orccipitator 10, the deanmg 
nV44 thc^of will be carried out as follows: 
P The co&aminated air is fed through the 
in'c o-erin- 14 as indicated by an arrow and 
"onwards the bundle of the electrodes 18 
and n and then reaches an elect r.c discharge 
65 (oV^-na discharge) area where ionization 
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nf the air occurs. The ions thus produced • 
collide w h the particles suspended in the a,r 
and then confer thereon an electric charge, 
^e ectric charge being positive in this case. 
Vten ^positively charged particles moves 70 
into the interior of the bundle of the _ elect 
rode 18 and 22 with air flow made by the 
fan V and drift toward the collecting elec- 
rode's 22 with the assistance of the electric 
field provided between the high voltage and 7, 
collecting electrodes 18 and 22 and are 
finallv Slposited on the collecting electrodes 
55 where their electric charge i .$ null tfted. 
During this operation, a considerably large 
amount of ozone (O s ) is produced in the 80 
corona discharge area, but it is absorbed py 
Z activated carbon filter 23. Cleaned a.r » 
thus discharged from the outlet open.ng 16. 

However, such construction of the prior 
art precipi ator 10 involves the Wbwmg 85 
drawback- There is a limit in capability of 
fncreasing the direct current potential i app jj 
between the high voltage and collecting 
electrodes 18 and 22. This is because there 
2 occur an undesirable spark Phenomenon 90 
Keen such electrodes 13 and 22 under 
remarkably high potential condition This 
means that, under big volume of the air, h gh 
cleaning efficiency is not expected by using 
the above-mentioned precipitator 10. More 
specifically, when the rate of flow of the 
contaminated air is remarkably increased, by 
fining the fan 26 faster, for blowing big 
; U o?ume°of air, it could occur that_ so me o the 
charged particles pass through the casing i- 
Southing trapped by the ; collecting 
electrodes 22, and in a worst case, he particles 
once deposited on the collecting electrodes 22 
n-e forced to separate from the same tnus 
Cueing the cleaning efficiency of the pre- 1C 
cioitator 10. Furthermore, some of tne 
escaped or non-trapped particle.- from the 
cluster of the electrodes 18 and 22 are un 
wantedly deposited on the activated carbon 
filter 'S thuS reducing the ozone absorbing 1 

^S&iS To" Figure 2 of the drawings, 
thfre is shown a° schematical illustration 
explaining the characteristic construction of 
an improved electrostatic prec.p.ta or _ -c 
ci'din" to the present invention. Tne pre 
dpSSr is generally designated by the num- 
eral 30 As seen from this drawing, the pre 
c P tator 30 comprises generally same parts 
Tin the case of the before-mentioned 
conventional one 10 except for some part. 
The same pans designated ,b> r nun i^rals m 
Fiaure 1 of the conventiona one are ^ 
mtcd bv the same numerals in F guru -. 
l^oJlJio the present invention ad, monai 
collecting electrode or p means 32 > dupo^d 
between the cluster of the hvjh vo.t^e 
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ivated carbon fitter 28. Tae n. .a ..b 
rUected to a D.C. power source 34 for 
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being applied with a high direct current 
potential having an opposite polarity with 
respect to the high voltage electrodes 18. In 
this drawing, the means 32 is shown applied 
5 with a negative charge. It should be noted that 
the negative potential for the means 32 may 
be applied by a negative pole of a so-called 
negative ion generator which is provided in 
the air conditioning system. 
10 With this construction, it will be appreci- 
ated that the escaped or non-trapped particles 
from the collecting electrodes 22 are forced to 
deposit on or be trapped by the additional 
collecting means 32 before reaching the 
15 activated carbon filter 28. Thus, higher 
cleaning efficiency is achieved in this pre- 
cipitator 30. Furthermore, the ozone absor- 
bing efTect of the carbon filter 28 is kept good 
for a long period of time. 

20 Referring to Figure 3, there is shown 
an electrostatic precipitator 30a which em- 
bodies the invention illustrated in Figure 2. 
The precipitator 30a employs a plurality of 
spaced plates 32a as the additional collecting 

25 means 32 of Figure 2. As seen, the plates 32a 
are arranged substantially parallel with each 
other and with the high voltage and collecting 
electrodes 18 and 22 to obtain smooth air 
flow in the casing 12 (not shown in this 

30 drawing). The plates 32a may be formed with 
corrugations as shown in Figures 4A and 4B. 

Figure 4A shows an arrangement of the 
plates 32b in which the corrugations 35 
formed in adjacent two plates are arranged 

35 symmetrically with respect to an imaginary 
plane 33a located between these two plates. 
Figure 4B shows an arrangement in which the 
corrugations 35 of adjacent two plates 32c are 
arranged asymmetrically with respect to an 

40 imagnary plane 33b located between these 
two plates. Preferably, the plates 32Z> and 32c 
are arranged to allow the air to pass along and 
through the corrugation so that smooth air 
flow is provided in the casing 12. By the 

45 provision of the corrugations 35 in the plates 
32b and 32c, larger collecting area is obtained 
on each of the plates 32/? and 32c. 

The additional collecting means 32 may be 
formed into box-shaped electrodes 32<7 and 

50 32c which are shown in Figures 5 A and 5B. 
The box-shaped electrode 32</of Figure 5A 
comprises a rectangular enclosed framework 
36 within which a plurality of vertical par- 
tition plates 33 and a plurality of horizontal 

55 partition plates 40 are disposed to intersect 
each other to form a plurality of square 
compartments 42. The setting of the box- 
shaped electrode 32d in the casing 12 is such 
that the longitudinal axis of each compart- 

60 incnt 42 is substantially parallel with the 
axis of the casing 12 to obtain, smooth air 
flow in the casing 12. Another box-shaped 
electrodes 32c shown in Figure 5B comprises 
the same element 36, 5S and 40 of Figure 5A 

65 anJ a plurality of inclined partition plates 44. 



As shown, each of the plates 44 is located on 
an imaginary diagonal plane defined in each 
square compartment to form two triangular 
compartments 42a and 42b. With these con- 
structions of Figures 5A and 5B, the particle 70 
holding capacity (PHC) or the particle col- 
lecting area of the additional collecting means 
32 is remarkably increased. In addition to 
these configurations of the compartments 42, 
42a and 426, a honeycomb configuration may 75 
be also possible. 

Figures 6 to 8 show respectively other exam- 
ples of the additional collecting means 32. 

In the case of Figure 6, a wire-netting 32/is 
used as the additional collecting means 32. 80 
The member 32/ is disposed between the 
bundle of the electrodes 18 and 22 and the 
activated carbon filter 28 in such an arrange- 
ment that an imaginary plane containing a 
front surface of the member 32/ is perpen- 85 
dicular to the axis of the casing 12. 

In Figure 7, a ware-netting 32^ is used to 
construct a front frame member of the acti- 
vated carbon filter 28. 

In the case of Fig 8, a wire-netting 32/j is 90 
used for constructing a casing of the activated 
carbon filter 28. 

With these constructions of Figures 6 to 8, 
the precipitator of the invention can be made 
compact due to the use of the thin wire- 95 
netting member arranged substantially per- 
pendicular to the axis of the casing 12. The 
precipitator employing the construction of 
Figure 8 will exhibit higher cleaning efficiency 
than those employing the constructions of 100 
Figures 6 and 7 since the air is forced to pass 
twice through wire-netting sections in the 
case of Figure 8. It should be noted that the 
wire-cutting 32/ 32g or 32/; may be substi- 
tuted by a perforated metal plate. 105 

It should be also noted that, if the ad- 
ditional collecting means 32 is detachably 
set in the casing 12, the cleaning of the means 
32 is very much facilitated since it can be done 
under a condition where the means 32 is 110 
removed from the casing 12. 

It will be now appreciated from the pre- 
ceding description that the electrostatic 
precipitator according to the present in- 
vention has a high cleaning efficiency in spite 115 
of its compact construction and thus the 
subject precipitator is appropriate for mount- 
ing on a motor vehicle. 

WHAT WE CLAIM IS:— 120 
I. An electrostatic precipitator for re- 
moving particles suspended in air, compri- 
sing: 

a casing having inlet and outlet openings 
through which the air is forced to pass; 125 

a high voltage electrode disposed in said 
casing; 

a collecting electrode disposed i.i said 
casing at a position adjacent sai l high vo!t.u;e 
electrode; 130 
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*wf d ^ h ' Sh u VO,tage and said collecting 
electrodes being connected to a power 

source for being supplied with direct current 
potential therebetween to provide both a 
5 corona discharge area where ionization of the 
air occurs and an electric field where chareed 
particles drift toward said collecting electrode • 
additional collecting means having a 
polarity opposite to said high voltage etect- 
10 rode and disposed in said casing at a position 
downstream of said high voltage and collec- 
ting electrodes and an activated carbon filter 
disposed in said casing downstream of said 
additional collecting means for absorbing 
I 3 ozone produced at the corona discharge area 
- 2 U, / ? n e'fctrostatic precipitator as claimed 
'? t CI T . > n w h'ch said high voltage 
electrode includes a wire member for pro- 
viding said corona discharge area. 
-0 3. An electrostatic precipitator for re- 
moving particles from air in which the par- 
ticles are suspended, said precipitator com- 
prising: 

-k f u* ca ^ in S having inlet and outlet openings 
25 through which the air is forced to pass 

a plurality of spaced high voltage electrodes 
disposed in said casing in the vicinity of said 

pW, T n u" g ' cach of said hi S h v °'tage 
electrodes being equipped with a corona wire- 
30 a plurality of spaced collecting electrodes 
disposed in said casing in the vicinity of said 

^no 015 ? 1118, SfMh'Sh voltage electrodes 
be ng interposed alternately between said 
collecting electrodes; 
35 a power source for applying a direct cur- 
rent potential between said high voltage and 
collecting electrodes to produce both corona 
discharge areas between said corona wires and 
said collecting electrodes, and electric fields 

dSSLf* hisb vohage and c °"™ ng 

additional collecting means havinc a 
Polarity opposite to said high voltace elect- 
rodes and disposed in said casing at a po- 
4d s.t.on downstream of said high voltage and 
collect.ngelectrodes for collecting the particles 
passed by said collecting electrodesand an 
activated carbon filter disposed in said 
™ S.," 8 downst [eam of said additional col- 
50 lect.ng means for absorbing ozone produced 
at the corona area. u 

in CI nmV ,CCtr K St u ' C Precipitator as claimed 
m™ ' ,n wh,ch said additional collecting 
means comprises a plurality of spaced plates 
55 which are arranged substantially parallel 
with the longitudinal axis of said SsiS 
5- An electrostatic precipitator as claimed 



in Claim 4, in which each of said plates has 
corrugations. 

. 6 - . *n electrostatic precipitator as claimed f 
in Claim 4, m which the corrugations of 
adjacent two of said plates are arrayed 
symmetrically with respect to an imaginary 
plane located between these two plates 

7 - . An electrostatic precipitator as claimed 6 
in Clairn 5, in which the corrugations of 
adjacent two of said plates are arranged 
asymmetrically with respect to an imaginary 
plane located between these two plates 
• % An electrostatic precipitator as claimed 7< 
in Claim 3, in which said additional collect- 
ing means comprises an enclosed frame 
member disposed at said position in the 

«1?£° r ° f thC Ca - Sing to fac * said irilet and 
outlet openings of said casing, and a plurality T 

dfsnn tU H aHy ,nte : sected P a rtition wall members 

.w ?l i r a ' d * nc,osed frame member to 
form a plurality of compartments each havin* 
inlet and outlet openings respectively facin« 
said inlet and outlet openings of said casing" 8C 
in r« a £ n i el - ectr °? t t t ic Precipitator as claimed 
™;Ic ™ ' V ^ hlch said additional collecting 
means is a perforated member selected from 
the group consisting of a wire-netting and a 
perforated metal plate. 85 

eH 1( ?n * lec ' ro: !tatic precipitator as claim- 
ed ,n Claim 9, m which said perforated 
member is disposed at said position such that 
an imaginary plane containing one side 
surface of said perforated member is sub- 90 
stant.ally perpendicular to the axis of said 
casing. 

ed 1 !n £»■ eIec I t J T os . tatic Precipitator as claim- 
ed in Claim 10, in which said perforated 
member is arranged to construct part of a 95 
casing of said activated carbon filter 
eH in A» . elec ' r °static precipitator as claim- 
ed in. Claim 9, in which said perforated 
member is arranged to construct a casino ©f 
said activated carbon filter. ° J00 

en'inVA" e ' ectrost atic precipitator as claim- 
ed n Claim 3, in which said high volta°e and 

SdSl* t e,ectr , odes are plate members and 
said collecting electrodes are gounded 

.» V j An j electrostatic precipitator con- 105 

criiS^ arr . ang ? d subs taniially as des- 
cribed herein with reference to Figures ~> to 8 
ot the accompanying drawings. 

MARKS & CLERK 
Chartered Patent Agents 
57-60 Lincolns Inn Fields' 

London, WC2A 3LS. 
Agents for the Applicants 
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